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A hybrid mode of one- and two-surface multipactor
on grooved dielectric surface∗
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A hybrid mode of one- and two-surface multipactor on the grooved dielectric surface is studied in detail using both an
analytical approach and two-dimensional particle-in-cell (2D PIC) simulations. When the groove width L< eE0/(4πme f 2),
there are one-surface multipactor and one-order two-surface multipactor on the grooved dielectric surface, and only one
slope of the groove has the multipactor anytime. When L > eE0/(4πme f 2), both slopes may have the multipactors. The
electron surface density of the multipactor discharge has a sharp increase at the length L = eE0/(4πme f 2).

Keywords: multipactor, dielectric surface, particle simulation

PACS: 52.80.Vp, 77.22.Jp, 52.65.Rr DOI: 10.1088/1674-1056/25/2/025203

1. Introduction
The multipactor is a vacuum surface discharge mainly

due to the secondary electron emission (SEE). It is often
destructive, and it can occur in a wide variety of scenar-
ios, such as radio frequency (RF) windows, accelerator struc-
tures, or satellite communication devices.[1–3] Its suppress-
ing has been a major concern in the fields of high-power mi-
crowave sources, RF accelerators, and space-based communi-
cation systems.[4–7] As is well known, the multipactor includes
two modes, i.e., one-surface mode and two-surface mode. The
former often occurs on the RF window surface or insulator
surface, requires an applied electric field parallel to the dielec-
tric surface and a direct current (DC) electric field from the
charging of the dielectric surface, and has been profoundly in-
vestigated experimentally, theoretically, and numerically.[8–21]

The latter requires a resonant RF electric field perpendicular to
the plate surface, and often occurs on the waveguide or metal
gap.[1,22] Despite the extremely similar physical process, they
are always thought to occur on different devices solely and are
studied by researchers from different fields separately.

In this paper, we present a novel form of the multi-
pactor discharge, a hybrid mode of one- and two-surface mul-
tipactors on a periodic grooved dielectric surface by using
a two-dimensional (2D) self-consistent particle-in-cell (PIC)
simulation.[23–26] Grooving on the dielectric surface is a com-
mon multipactor suppression method which can change the
electrons’ trajectories.[4,5] For the triangular groove, the hy-
brid multipactor discharge occurs in the triangular gap be-
tween two slopes of the groove, as shown in Fig. 1. As the
RF electric field has a component parallel to the dielectric sur-
face, the one-surface multipactor will occur on the slope. And

the multipactor electrons will move towards the adjacent slope
through the gap when the RF electric field direction changes.
When the electrons reach the adjacent slopes, but the RF elec-
tric field direction does not change again, i.e., the electron
flight is not resonant with the RF electric field, the electrons
will participate in the one-surface multipactor on the adjacent
slope until the RF field direction changes again. This means
this hybrid multipactor does not require a strict resonant RF
field, and if the transit time of electrons is greater than half
of the RF period, the two-surface and one-surface multipactor
can occur on two slopes respectively, which is very unfavor-
able to the suppression effect of the groove.
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Fig. 1. (color online) Schematic diagram of electron orbits on the
grooved surface.

2. Physical model and numerical results
Compared with the planar surface, it is much easier for

the primary seed electrons to impact with the non-planar sur-
face. Thus, the SEE avalanche is unavoidable if the SEE yield
of the dielectric material is greater than 1. Owing to the sur-
face charge effect, the SEE reaches a balanced state subse-
quently, i.e., saturated multipactor. Hence, the analysis in this
paper will focus itself on the saturated multipactor. The RF
electric field is 𝐸rf = E0 sin(2π f t +ϕ)𝑥, where E0 is the am-
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plitude of the RF field, f is the RF frequency, and ϕ is the pri-
mary phase. The groove width is L. For the RF field with zero
primary phase, the RF electric field is along the x direction
and a one-surface multipactor would occur on the front slope
at odd half-periods. At even half-periods, the RF electric field
is along the −x direction, the one-surface multipactor will oc-
cur on the rear slope. For the multipactor electrons on the front
slope, the direction of the RF electric field changes from the
x direction to the −x direction at t = (n+1/2)T (n = 1, 2, 3,
. . . ), and the electrons begin to move to the rear slope. We as-
sume that the velocities of electrons are all 0 at t = (n+1/2)T
(the electron has a small initial velocity along the x direction
in fact). Then, the motion of the multipactor electron on the
rear slope is governed by

a(t) =
eE0

me
sin(2π f t) , (1)

x(t) =
∫ t

nT

∫ t

nT
a(t)dtdt =

eE0

2π f me

[
t −nT − sin(2π f t)

2π f

]
, (2)

where a(t) is the acceleration in the x direction, x(t) is the

x displacement, while e and me are the charge and mass of
electron, respectively. After odd half-periods, the x displace-
ment is equal to keE0/(4πme f 2) along the −x direction. Here,
k is the number of half-periods. If the groove width L, i.e.,
the maximum width of the triangular gap, is smaller than one
half-period displacement eE0/(4πme f 2), there is only the one-
order two-surface multipactor on the grooved surface; if L
is greater than eE0/(4πme f 2), there will be the resonant or
high-order two-surface multipactor, and more than two elec-
tron clusters exist in the gap. Owing to the space charge effect
between the electrons, the detailed value of the half-period dis-
placement will have a discrepancy, and besides the x move-
ment forced by the RF electric field, the electron also has
a −y displacement forced by the electrostatic field, which is
produced by the positive surface deposited charge on the two
slopes. For the multipactor electron on the front slope, the mo-
tion is symmetrical to the electron on the rear slope, and has
one half-period difference in time from the electron on the rear
slope.
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Fig. 2. (color online) Space distributions of electrons at (a) (n−1/2)T , (b) (n−3/8)T , (c) (n−1/4)T , and (d) (n−1/8)T .

As an example, this analysis is applied to the discharge

under the RF field with f = 10 GHz and E0 = 3 MV/m.

In this case, the corresponding half-period displacement is

419.75 µm. The groove height is 50 µm, which is greater

than the motion height of most multipactor electrons on the

planar surface. The groove width L is 200 µm, which is about

only 1/2 of the half-period displacement, i.e., the transit time

of the electrons is smaller than the RF half-period. Thus, the

one-surface mode and one-order two-surface mode both exist.

At t = (n− 1/2)T , the multipactor on the front slope stops,

and the electrons will begin to turn around and move towards

the rear slope. At the same time, the one-surface multipactor

on the rear slope starts, and the electrons appear subsequently.

As the smaller length is at the bottom of the gap, the electrons
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from the front slope reach the rear slope earlier as shown in
Fig. 2(b). At t = (n− 3/8)T , the one-surface multipactor be-
comes obvious and the two-surface multipactor electrons cross
the gap. At t = (n − 1/8)T , most two-surface multipactor
electrons finish the transition, and the one-surface multipactor
on the front slope dominates the discharge. It can be found
that there are two electron clusters at most, i.e., the transiting
electrons from the front slope and the one-surface multipactor
electrons on the rear slope. During each one-half period, the
multipactor could take place either on the front slope or the
rear slope. This means that the multipactor on almost half the
dielectric surface is suppressed by the groove.
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Fig. 3. (color online) Space distributions of electrons at (a) L = 500 µm
and (b) L = 2000 µm.

When the groove width is near to the electron half-period
displacement, the electron transit time is about T/2. The mul-
tipactor electrons leaving the rear slope at t = (n− 1)T reach
the front slope at t = (n− 1/2)T , and impact the front slope
with the transit energy, i.e., the resonant two-surface multi-
pactor may occur. Those electrons mix with the one-surface
multipactor electrons from the front surface flying toward the
rear slope as shown in Fig. 3(a). At the same time, the rear
slope satisfies the condition for a multipactor, that is, the RF
electric field is in the −x direction and forces the electrons to
move towards the rear slope. Therefore, there are three elec-
tron clusters and both slopes have multipactor discharges at
most. If the gap length goes on increasing, more higher-order
two-surface multipactor and electron clusters will appear as
shown in Fig. 3(b). Owing to the space charge effect, the elec-

tron clusters diffuse with the transit time, and cannot be distin-
guished from each other clearly after the long transit time. In
Fig. 3(b), only the electron cluster leaving the rear slope can
be identified distinctly. Meanwhile, as the electron transit has
a downward velocity, there will be an electron accumulation
at the bottom of the gap, and the accumulation degree will be
aggravated with the increase of the groove width.

The existence of the two-surface multipactor will increase
the multipactor intensity. Figure 4 shows the ratio of the mul-
tipactor electron surface density on the grooved surface to that
on the planar surface, and it can be seen from this figure that
the peak electron density has a sharp increase near the half-
period displacement eE0/(4πme f 2). The electron densities
are about 65% and 85% of the density on the planar surface if
the grooved width is smaller and greater than the half-period
displacement, respectively. Therefore, to obtain a more effec-
tive suppression of the multipactor discharge, the groove width
L should be smaller than eE0/(4πme f 2).
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Fig. 4. Peak surface density of multipactor electron versus groove length.

3. Conclusions
In this work, the model and simulations presented in this

paper provide a hybrid mode of one- and two-surface dis-
charges on a grooved dielectric surface. The saturated mul-
tipactor electrons transit back and forth in the triangular gap.
Because the two-surface multipactor electrons also may join
the one-surface multipactor while the RF electric field is not
resonant, the two-surface mode on the groove is not sensitive
to a resonance condition. Therefore, the one-order two-surface
mode cannot be avoided. However, the resonance of the two-
surface modes can be avoided when the groove period length
L < eE0/(4πme f 2). In this case, there is only one slope that
has a multipactor discharge and one electron cluster transiting
in the gap. If L exceeds eE0/(4πme f 2), both the slopes may
have multipactors and more electron clusters will appear and
the intensity of the multipactor discharge will have an obvious
increase.

Besides the triangular groove, other shaped grooves, such
as the rectangular groove, also present a suppression effect on
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the multipactor. Therefore, we are now improving the simu-
lation code, and more shaped surfaces will be considered in
the next code. At the same time, the electron-stimulated out-
gassing will also be involved for a more comprehensive study
of dielectric surface breakdown.
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